Steady-state gel filtration has been used to study the binding of cortisol to human plasma proteins in vitro. Raising the temperature from 37°C to 41°C results in the mean proportion of free (non-protein-bound) cortisol rising approximately from 7 % to 11%. Addition of cortisol to plasma == 275 nrnol/l) also increased the proportion of free cortisol by approximately 50%. Cortisone is less strongly bound to plasma proteins than cortisol. The mean values (±S.D.) for five samples were free cortisol 8.4 ± 1.1% and free cortisone 26.0±3.8%. 200
measurement of protein concentration using the biuret reagent, and for assay of 3H-cortisol by liquid scintillation counting. The proportion of free cortisol was calculated from the ratio ofthe heights of the two plateaux representing protein-bound and free cortisol ( Fig. 1) . Plasma cortisol was measured by a competitive protein-binding method (Few and Cashmore, 1971) . Radioactive steroids were obtained from the Radiochemical Centre, Amersham, England, and their radiochemical purity was greater than 95%'in each case.
-RESULTS Fig. 1 shows a typical elution pattern. Achievement of distinct plateaux for 3H-cortisol elution in both the protein-bound and free cortisol zones indicates that a sufficient load of plasma was applied to the columns for equilibrium to be achieved. 
METHODS
It is well known that a large proportion of the cortisol present in human plasma is bound to plasma proteins. In the 20 years that this has been known a large amount of literature has been generated. Most workers have separated free and protein-bound cortisol by ultracentrifugation, dialysis, electrophoresis, or gel filtration. While all these techniques have given valuable data, inherent defects in each case cast doubt on the quantitative relationship between the results obtained and the true physiological situation. Burke (1969) has described a modified form of gel filtration in which free and protein-bound cortisol are separated under equilibrium conditions and which avoids most of the earlier limitations. In its original form it needed inconveniently large plasma samples, but by using a column of narrower bore it has been possible to reduce the sample size to 10 ml. We have used this technique to investigate the effect of small changes of temperature within the biological range, the effect of small additions of cortisol to plasma, and the degree of binding of cortisone relative to cortisol.
Plasma protein binding of cortisol was measured by the steady-state gel filtration method essentially as described by Burke (1969) . A 1.0 x 30 em jacketed column was used. Flow rate was in the range 0.4-0.6 ml{min and was constant for a given column. The temperature, which was measured by a thermistor in the middle of the water jacket, was within ± 0.1°C of the target temperature during a run. Portions of the radioactive steroids dissolved in methanol were evaporated to dryness and immediately dissolved in Table 1 are shown some values for the two determinations.
To confirm that these differences were not due to 44 isotope separation a mixture of [l ,2-3H] cortisol and [4-14C] cortisol was added to plasma, which was then analysed in the routine manner. No significant difference between the 3H:14C ratio of any fraction and that of the starting material was observed. To test the precision of the analysis 10 plasma samples were analysed in duplicate. The standard deviation of the free cortisol fraction was ± 0.62 % and the coefficient of variation 6.6 %, which are similar to the findings of Burke (1969) .
The effect of temperature on protein binding was studied by analysing samples of plasma pools at different temperatures. The results of 14 such determinations are shown in Fig. 2 . It can be seen that raising the temperature from 37°C to 41°C leads to a mean change in the free cortisol fraction from 6.7% to 10.2 %, a rise of 50 %. Fig. 3 shows the effect of adding small quantities of cortisol to aliquots of a pool of plasma. The highest increment (== 415 nmol/l) is comparable to the rise in plasma cortisol level elicited by a major physiological stimulus such as heavy exercise (Davies and Few, 1973) . The initial cortisol concentration of this pool was 386 nmol/l, so it contained about 28 nmol/l free cortisol (at 37°C), which was increased to about 110 nmol/l when the total plasma cortisol was increased by 415 nmol/l, Protein binding of cortisol and cortisone were determined simultaneously by using a mixture of [%4-14C]cortisol and [l,2-3H]cortisone. Fig. 4 shows the result of one such determination. It can be seen that [3H] cortisone is eluted from the column later than P4C] cortisol owing to the greater dissociation of the cortisone-protein complex than of the cortisol-protein complex. Even so equilibrium was reached between free and protein bound Dixon et al., (1967) wrote: "Although it is customary to emphasise the importance of protein binding, the fact remains that in the majority of clinical investigations it is totally ignored." This statement is probably as true now as when it was written. If the fact of protein binding is ignored it is hardly surprising that the factors influencing the extent of this binding have also been ignored. Though it has long been known that the binding of cortisol to plasma protein was decreased as temperature rose (Daughaday and Maritz, 1961) , the extent of this change in response to temperature changes within the physiological range has not previously been studied. Normal body temperature fluctuates in the range 36.4-37.0"C but can rise to 41"C after prolonged heavy exercise (Pugh et al., 1967) , and a temperature of 43°C was recorded in a subject who died of heat stroke (Bernheim and Cox, 1960) . These are deep body temperatures. The temperatures within the working muscles are even higher (Gisolfi and Robinson, 1970) . It is obvious that with temperature rises of this magnitude a considerably greater proportion of the plasma cortisol will be in the free state than at basal temperatures. As it is believed that only the free cortisol fraction is biologically active (Sandberg and Siaunwhite, 1962 ) such a rise in temperature could increase the biologically active fraction of cortisol by 50-100% without the total cortisol concentration changing appreciably.
In practice, situations that lead to such marked rises in body temperature generally also lead to activation of the adrenal cortex, so that plasma cortisol concentration rises but the biological effect of the raised cortisol level will be augmented by the reduced degree of protein binding. As it is also believed that only the free cortisol in plasma is available for metabolic removal, situations in which body temperature is raised could be expected to lead to a more rapid removal of cortisol from the plasma.
It has been shown that hyperthermia due both to passive heating (Collins et al., 1969) and to exercise (Few, 1974) is accompanied by a shorter half-life of injected radioactive cortisol. This is not to say that decreased protein binding of cortisol is the only factor involved in this effect but it must facilitate transfer of cortisol from the plasma to the tissues.
It. is well known, and to be expected, that adding cortisol increases the fraction of free cortisol in plasma. However, the published studies of this effect employ methods of measuring free cortisol where quantitative validity is uncertain and also frequently use cortisol concentrations which are seldom encountered under physiological conditions. The data in this paper show that even physiological increments in plasma cortisol concentration lead to an increase in the fraction of cortisol not proteinbound, so that the physiological effect is probably proportionately greater than that of the increase in concentration.
It has been shown when radioactive cortisol is injected intravenously into man that subsequently a proportion of the radioactivity is associated with the cortisone fr~ction of plasma (CoIlins et al., 1969) . The proportion of the total radioactivity associated with cortisone varies from about 10 to 35 %. More recently Dazord et al., (1972) have shown that plasma cortisone concentration is approximately 20 % that of cortisol. While it has long been known that cortisone is less strongly bound to proteins than cortisol, the true extent of its degree of binding has been uncertain. The data given above show that the proportion of cortisone not protein-bound is approximately three times that of cortisol. This difference in the degree of binding largely offsets the difference in total concentration, so that the non-protein-bound fraction contains comparable quantities of cortisone and cortisol.
